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ROLE 132 nKfir.>ait*-F/^|y 

1, Hldeakl TOSHIOKA do herein declare the followings, 
I am a citizen of Japan, residing 5^-2, Kasuga 4.cho«e, 
Ibarald-ahl. Osaka 567-0031, Japan, 

I graduated from Molecular Engineering, Graduate School 
of Engineering, Kyoto University In 1999, 

I have been employed by Sumitomo Electric Industrie^., Ltd. 
amce 1999 and currently engaged In raaearch activities 
relating to metallic Inorganic materiel euoh as metal powder 
for anisotropic conductive films at Matals and Inorganic 
Materials Technology WD Department of Electronlce i, Materials 
USD lAboratorleBi and 

I a» a Joint lnv«,tor ot th. laventlc. dlsolosea and 
oxmwa to th. ,„b3«t .pplioatlon.. taowtns an Office Action 
tatad I>eca»b.r 14, 200e va. l„„ed f« tha pra.ant l„v«>tlon 
noticing tl«t th. invantlon cl.l„.a m the .„b3«t application 
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was rejected under 35 17.5 c «in9 ^^^^ - 

.4 anticipated by or. in the 

aj-ternatlve, under SB u r r ctao 

naer 35 U.S.C. S103 as being unpatentable over 

Jin et al. 

B^eri™«„ts =ho»„ below were pert o«ed by »y,el£ or under 
eupervl^toa in oroer to „t,bxi«. that tb. «l„trop.c 
conductive f ll« i„ol«Ung a «t«i powder that hae a lot of £ln, 
-tal paxtlcxe. previoualy f ox«d In a obai. abape 1, leaa tba„ 
th. same a. tb. one descrlbad in «n et al. mentioned above 
and additional!, ha. a good characteristic that Jin et al. does 
not provide. 

«Bxperlment>> 
<Produolng Samples > 
(Sample i) 

Nl partlclee baving a 4ia.«ter o* 2 p. a. that used In 
««»pl. 2 Of ,in et al. plated with *„ to l,„,art good conductivity 
was used a. a conductive co«pon«.t. xbe HI particles and an 
«oryllc resin servtnp as a binding agent were .rtxed such that 
the Silling factor of the »i particles, found b, the following 
eouatlon ,1,. would be 20* by volu.». and -ethyl ethyl Xetone 
««, added to the ..ixture. to prepare a p«,te-««ped coi,*.slte 
material. 



filing factor (Vol. %) - of conductive oonpoaent) 

(total volame of solid contents) 

Thereafter, the composite material was applied over a 
n«gnet serving as a base, was dried and solidified in a magnetic 
«eld with a magnetic flu. density of 40000 pT to produce an 
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anisotropic co«a„otlvs tX2M for mounts, a .«.icona„ctor 
P.<*.B« « in BK^pi., X to 5 coo^aratlv* Example 1 to 3 
o* the present invention having e thickness of 30 p„. 
the cros..seotio„ thereof was eniergea for eheervetlon ti 
oonflr» that a plurality of Nl partiola. were oriented In the 
thickness direction of the film, 

(Senile 2) 

»1 particles having a dla«et.r of 40 as that osed In 
Bnan^le . of ,ln ,t .1. pietea with ^ „as use. as a cn.uotlv. 
=<»pone„t. «,e Kl particles an. an acrylic resin servlns as 
a binding agent were mixed such that the filling factor of the 
metal particles, found hy the equation (1). ^ ^ 

volume, and «,thyl ethyl Ketone was added to the mixture, to 
P«Pare a paste-shaped composite material. 

"■^reaf ter. the composite material was applied over a 
magnet serving as a base, was dried and solidified 1„ a magnetic 
fxeld With a magnetic flux density of «000 „ to produce an 
anisotropic conductive film having a thickness of 30 Since 
the particle diameter of the Ni particle, was larger than the 
film thiotoess, a plurality of the Nl particle, could not be 
oriented in the thicknee, direction of the film. 

{Sample 3) 

Ml particle, having a diameter of 40 ^m as that used in 
Example 2 of Ji. .t al. plated with Au was used as a conductive 
oomponent. n« Kl particles and an acrylic resin serving a, 
a binding agent Were mJ«d such that the filling f act«. of the 
metal particles, found by the equation (l,. would be 30» by 
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voln-e, ana ^^^^ ^^^^^ ^ ^ ^^^^ 

prepara a pa.te.shap«a oompostte materlax. 

Thereafter, the composite material wa. appllea over a 

"eld with a «3„etia of 40000 „t to produce an 

<«l.otroplo conauottv. t±ln, having a thlotaeae of loo 
Jhen. the croee-aeotton thereof ... ealargea for observation 
to confirm that a plurality of Ml particles «re oriented In 
the thickness direction of the fUn. 

Oleaairement of Connecting Resistance) 

The anisotropic condnctlve fll„ produced In each of 
samples X to 3 . ana Example « of thepresent Invention „a, af f i«.a 
on a flexiwe printed circuit board ,FPc) having an electrode' 
pattern In «hlch A. electrodes having a width of w p„. a length 
50 p„, «.d a thickness of a p. are arranged at 15 pm spacing, 
to the elactroae pattern* 

A glass substrate having an Al fii„. deposited on Its one 
surface was then thermally bonded upon being pressed at a 
pressure of 10 g per electrode while being heated to lOO- c In 
a state where It wa. superimposed on the anisotropic conductive 
film suoh that the Al film w„„ia ^ 
therewith « 

A resistance value between the two adjacent A« eXectrodee 
«luoh are conauctlvely connected to each other through the 
anisotropic conductive flli„ and the Al fii„ was measured, and 
the measured resistance value was reduced hy half to be a 
connecting resistance in the thickness, direction of the 
anisotropic conductive film. 
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th. r««t. ,ho,m to Table 1. Svaluatlons to Table 
1 are napaotlvaly as loUowsj 

Bxcliant. The conneottog reatotanoa to „„t „^ ^ 
0.1O. The cnauotlva propartto. to th, thlotaaa, direotton ar. 
slgnlflcemtly good. 

Gooa, The oonnaottoa reetotanoa exc..a« o.lo aaa Is not 
^ej^an 10. The oon*.otive p„p.«.e. to the th.o*„.sa 
alx^otion are good. 

»«or. The ooanecttog restotanoe exoaads i o. The 
oonaactlv, properttoa to th. thtotoas. dtoectton are baa. 

<lleaaureinent of Insutottos Rasl8tanoe> 

The antootroplo conductive tlXm proaucaa to each ot 
sas^las 1 to 3. andE-ppie 4 oir the^sant tov«.tto„w.s 
to the alactrode pattern on the aa»e PPC as that used to the 
foregoing. 

* Blaas suhatrat. havto, no »i fii„, deposited thereon at 
this tto, »a, then the^ally bonded upon betog pressed at a 
l«.s«.r. Of 1, 9 per electrode while betog heated to 100- c to 
a state where it was supertoposed on the antootropto eondaotlv. 



* resistance valoe between the two adjaoant An electrodes 
to Which the glass »A,ttat. was ther«Uy bonded through the 
anlaotropto conductive fu» was measurad to be an tosuiatlng 

restotanoe to the plane direotton of the -Osotropto conductive 

f ULni. 

.The results are shownm Table l. Evaluations in Table 
1 are respectively as follows » 

Excellent: The Insulating resistance excWs IGO The 
insulating properties In the plane direction are significantly 
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good. 

»h« ineulatlnj resistance exoeede I m «m is not 
more than Igo. n,e Insulating properties In the plane direction 
are good. 

Poor, Tho insulating resistance l^ not more than IMO. The 
ineulatlng properties In the plane direction are bad. 



Example 4 
Sample 1 
Sample 2 
Sample 3 



Table 

Connecting 
assistance 
measured value 
(evaluation^ 

0.05O 
(Excellent) 
1.50 
(Poor) 

10 
(Good) 
1.80 
(Poor^ 



Insulating 
resistance 
measured value 
[evaluation^ 
IGO 
(Good) 
200KO 
(Poor) 

30 
(Poor) 

50 
(Poor) 



Table 1 conflxms that the anieotropio conductive film of 
Sample 1 including only Nl particles as a conductive component 
that corresponds to the first particles In Jin et al. and has 
a diameter of 2 pm oriented in the thickness direction of the 
film is high m connecting resistance and poor m conductivity 
m the thickness direction of the film, still low In insulating 
resistance and poor in insulating properties in the plane 
direction of the film. Then, the cross-section of the 
anisotropic conductive film after thermal bonding is enlarged 
and observed to show the reasons of lowering conductivity in 
the thickness direction of the film as follcwa: - 

the disorientation of the Nl particles caused by the flow 
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Of the re«ln at the ti^ne of the thecal bonding dispcrseo 
aoatteringly the Nl partiolea in the fim, so that the ^ood 
conductive netwrk is not maintained; 

the number of the Ni particles meshed between the 
Au-electxode and the Al film is significantly small because the 
particle diameter of the Nl particles is smaller than the 
thickness Of the film after thermal bonding, and 

It is impossible to cope with the variation In height 
(approximately 3 m) of the Au-electrode, or the like. 
Purthermox^, the result shows the reason of lowering insulating 
properties m the plane direction of the film that a plurality 
Of the Nl particles flow into the recess between the 
Au-electrodee by tbe flow of the resin causes short circuit 
between both of the electrodes . The results shown above confirm 
that only the first particles of Jm et al. having a small 
particle diameter cannot imp^ good anisotropic conductivity 
to the film. 

Further, the anisotropic conductive film of Sample 2 
including only Ni particles corresponding to the second 
particles in Jin et al. and having a diameter of 40 nm is low 
m connecting resistance and good in conductivity in the 
thickness direction of the film. However, the result also shows 
that the anisotropic conductive film is low in insulating 
resistance and poor in Insulating properties in the plane 
direction of the film. Then, the cross-section of the 
anisotropic conductive film after thezmal bonding is enlarged 
and observed to show the reason of lowering conductivltym the 
plane direction of the film that the Ni particles having a large 
particle diameter are stuck in the recess between the adjacent 
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A»-eaeot«a,» t. =a».e ,ho« circuit b-tvee- both o£ the 
elMtroaes ana lower the InauletlnB properties. 

Still further, the anleotroplo conductive fll» ot Senile 
3 inc, 0^, ^ ^^^^^^ coxxeeponain, to the .eoona 

P-rtlole. « aln et ,1. ^ hnvln^ . alerter or 40 ,™ le .^^ 
^ co-neotlns reeletence ana poor In conauctlvlty in the 
thlctoee. airectlon o* the *ii„. „^.^. ^^^^^ 
Hho„a that the «u.otr,pic conductive ,11, ineuiatina 
reeletance and poor In Insulating propertle. in the piene 
direction o. the ,ll„. ^ ^ 

^.isotropic conductive *li„ erter thenm hondlng 1, enlarged 
«,d oheerved to ehow the reason of lowering conductivity In the 
thictaeaa direction o£ the «!. that, a, deacrihed 1„ 
^e^oue co«.nt. the large ««„nt o, reeln interposed hetween 
the Ml particles oriented i, the thlcXne.s direction o* the fita 
1. not discharge. <r«. between the Ml particles due 

to the pre.«.re at the tl„e of thermal bonding to re»el„ therein 
th«eby ninderlng the electrical connection between th^ 
adjacent Hi p^.eles. Moreover, as well as In 5»^i. the 
Observation result show, the r.as», o* lowering Insulating 
properties oir the plane direction o, the iril- that the HI 
particles having , large pertlole dl««ter are stuck In the 
recess between the adjacent Aa-electrodee to cause short 
Circuit between both o< the electrodes. 

The r«mlts shown above con*ti„ that In the ceee where 
the co.«>lned with the second particles ot having a large 
Particle dlawter to Increase the conductivity In the thlctoes. 
direction ot the t±l^. it Is Impossible to decrease the pitch 
between the electrodes to be seller then the p««cle diiketer 
of the second particles. th«reby resulting In failure to satisfy 
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downsizing o« th. pitch tatwon tt. eleotroaw. 

in contrast to the above, when the oroe..eeotlon the 
Bxe»pi, 4 le enleraea tor obaetvation to confi™ that n 
Plurality o* the metal powoer. tor^ In a oh«n .hape are -e«..a 
between th. A«-.leetrpae ana the *1 ti^ con*«,ttv. 
connection therebetween «aiB ccplng with the variation in 
>«lSht (.ppr.««tely 3 „, . .^eby ahowla, low co«.ectlon 
realatanc. «mi good oondaotlvlty In the thicKness direction of 

the film. Fortheinore. the resnif i. 

' result also conflraa high 

inanlatlng realatanoe ana good Insulating properties slnoe the 
-etal powaers *.>™ea In a chain shape are i^ahed between th. 
A.-electroae and the M fii., that the particles are restrained 
tro- flowing along with the flow of the resin at thermal bonding 
ana bumping l„. ona still In co-blnatlon with the fact that the 
chain length Is «^er than the distance between the aajaoant 
Au-electroaes. both of the electrodes are secure fx»„ short 
olroult therebetween. 



«Conolualon» 

The results of the experiment, confirm that the 
anisotropic conductive f 11,. Inoaualng a n»tal powder that has 
a lot of fine «at.l particle, previously f or«d In a chain shape 
is less than the saw as the on. described In Jin at al . mantloned 
above, ana has a gooa charaot«n.tlc that Jin at al. ao.s not 
provide. 



I hereby deoXore that all statements made herein 
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own icnoi^ledge ar« true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the Jcnowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under 1001 of Title 18 of the Uhlted 
states code and that such willful false statements may 
jeopardize the validity of the application or any patent Issued 
thereon* 



Date 



Hldeakl TOSHIOKA 
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